CONTEXT AND OBJECTIVE: Chronic kidney disease (CKD) is an escalating medical and socioeconomic problem worldwide. Information concerning the causes of CKD, which is a prerequisite for reducing the disease burden, is sparse in Malaysia. Therefore, this study aimed to evaluate the attributable causes of CKD in an adult population at a tertiary referral hospital. DESIGN AND SETTING: Retrospective study at Hospital Universiti Sains Malaysia (HUSM).
INTRODUCTION
Chronic kidney disease (CKD) is an overwhelming health and socioeconomic problem across the globe. Statistics from the United States suggest that for each patient with end-stage renal disease (ESRD), there are more than 200 with overt CKD (stages III or IV) and nearly 5000 with covert disease (stages I or II). 1 Deplorably, this sort of evidence is sparse for developing countries, including Malaysia, where the estimated prevalence of CKD is around 9% 2 and the prevalence of ESRD patients on dialysis has risen from 325 (year 2001) to 975 (year 2012) per million population (pmp). This has been attributed to the escalating incidence of diabetic kidney disease, which accounts for more than half of new ESRD cases. 3 Information regarding the etiology of CKD stages I to V is scarce in Malaysia. The published data describe only the primary renal disease of ESRD patients.
In one descriptive study by Shaza et al., 4 observations were made on 117 ESRD patients receiving treatment at Penang
General Hospital, Malaysia, over a period of two and a half years were DN and GN, whereas hypertension (HPT) and obstructive uropathy (OBS) were among the less common causes. 5 They also reported that there was higher incidence of ESRD due to unknown causes.
OBJECTIVE
We aimed to describe the demographics, clinical profile and possible attributable causes of CKD among adult patients at a tertiary-care hospital in Malaysia.
METHODS
A retrospective study based on the medical records of adult patients was conducted at Hospital Universiti Sains Malaysia 
Criteria for assessment of the attributable causes of chronic kidney disease
The attributable causes of CKD were assessed using the diagnosis that had been made by the nephrologist or clinician. If this was unavailable, the criteria described below were used to determine the probable cause of CKD. 
RESULTS
The total numbers of patients admitted to and visiting HUSM during 2009-2013 are shown in Table 1 . Eight hundred and fiftyone eligible cases (541 males and 310 females) were included in the present study. The sociodemographic data are shown in Patient population  2009  2010  2011  2012  2013  Total  Outpatients  356077  343251  332330  347698  353082  1732438  A&E  57447  56522  56799  59484  63349  FCC + RME  82720  77574  68655  64570  66363  Staff  19106  19657  18311  16803  17145  General medicine  35353  31620  33147  28833  28105  Surgery  22009  21418  21274  21190  20,683  Pediatrics  8674  8585  8730  8727  9715  Obstetrics  13577  12007  10333  10860  10099  Gynecology  5845  5653  5754  5191  4731  Orthopedics  23869  23669  24020  25446  24735  Psychiatry  8543  8804  8871  9107  8936  Ophthalmology  16865  17725  19605  20540  20924  Otorhinolaryngology  17371  18411  18005  18992  18329  Dentistry  41528  37686  32543  40576  41313  Oncology  3170  3920  6283  16443  15915  CKD  ------436  1157  Audiology & speech pathology unit  --------943  Dietetics  ------211  386  Transfusion medicine  ------289  254  Inpatients  35962  36627  34915  37311  37644  182459  Total  392039  379878  367245  385009  390276  1914897 Table 2 . Patients' demographic data obtained from the sample CKD = chronic kidney disease; DM = diabetes mellitus; HPT = hypertension; HD = heart disease; NSAID = nonsteroidal anti-inflammatory drug. The most frequent attributable cause of CKD was DN (44.9%), followed by HPT (24.2%) and OBS (9.2%), as shown in Table 3 .
The cause of CKD was unknown in 9.4% of our cases. Out of 57 patients with glomerular disease, five had focal segmental glomerulosclerosis (FSGS), two had IgA nephropathy, five had lupus nephritis (LN) and the rest had chronic glomerulonephritis. Of the seven in the miscellaneous group, two patients had CKD due to renal tubular acidosis (one patient with distal tubular acidosis and another one with proximal tubular acidosis), one had renal artery stenosis, three had congenital urogenital malformations and one had CKD due to trauma/injury to the kidneys.
There was a substantial statistical difference in the prevalence of CKD due to DN between younger patients and older patients (34.9% versus 47.0%; P = 0.008). Similarly, the difference in prevalence of CKD due to GN and HPT between the younger and older age groups was statistically significant (29.5% versus 2.0%; P < 0.001; and 6.2% versus 27.9%; P < 0.001, respectively). The differences in the prevalence of CKD between male and female patients, due to DN (41.2% versus 51.3%; P = 0.004), APKD (3.3% versus 0.3%; P = 0.004) and unknown cause (11.5% versus 5.8%; P = 0.007), were also statistically significant.
The attributable causes of CKD in the urban and rural zones are depicted in Figure 1 . These results showed that the place where the patients lived (rural or urban areas) had no statistical influence on the prevalence of CKD due to any of the etiologies. Increased renal parenchymal echogenicity was the leading ultrasound abnormality (43.5%), while atrophic kidneys were seen in 17.6% of the patients. Increased cardiothoracic ratio (cardiomegaly) was found in 52.6% of the subjects. Only 8.1% and 3.9% of the patients had pleural effusion and pulmonary edema, respectively. 
DISCUSSION
Our main results showed that most of the patients with CKD in the sample were men and older people with advanced chronic kidney disease (stages IV and V). Beyond that, the most frequent attributable causes of CKD in the sample were DN and HPT. The mean age of the patients in the present study was similar to that of previous reports. 12, 13 Higher prevalence of CKD in the elderly population has been attributed to the fact that renal function declines with age. 14 The ethnic composition of Malaysia is Bumiputera (Malay) (67.4%), Chinese (24.6%), Indian (7.3%) and others (0.7%). 15 However, the predominance of Malay patients (95.9%) in our study population was because the majority of our patients were from the states of Kelantan and Terengganu in Malaysia, where the dominant ethnic group is Malay. The higher percentage of former smokers and lower percentage of current smokers in the present study was because the CKD patients were advised to quit smoking, given that it causes rapid progression of kidney disease. 16 The level of chronic NSAID use (21.5%) in the current study was slightly higher and the level of traditional medicine use (3.5%) was lower than that reported previously. 2 This history of higher NSAID use might be associated with gout (16.3%). A gender-based comparison of demographics revealed that there was no significant difference in age groups, race and habitation between male and female CKD patients. These findings demonstrated that the abovementioned factors had no impact on the prevalence of CKD among male and female patients. The majority of the patients were in the late stages of CKD at the time of presentation to the study setting.
Similar to these findings, Al-Ramahi also found higher prevalence of CKD stage V subjects in their study conducted at Penang General Hospital, Malaysia. 13 The higher prevalence of the late stages of CKD might be attributable either to late nephrology referral by primary care physicians or lack of awareness among patients themselves, regarding the proper time to seek medical attention.
Regarding the preferred types of dialysis, PD is the favorite treatment method in Mexico 17 and Hong Kong, 18 but HD is the major mode of treatment in various countries including Malaysia. [19] [20] [21] Consistent with these findings, we also observed that the majority of ESRD patients preferred HD over PD. In Malaysia, PD is underutilized, notwithstanding the efforts of the Malaysian government to promote this treatment method.
This can mainly attributed to the abundance of HD centers provided by the private sector and non-governmental organizations (NGOs), as well as the better survival rates among HD patients. 21 None of our patients received continuous cycling peritoneal dialysis or kidney transplants, which might have been due to financial constraints.
DN was the foremost attributable cause of CKD in our study population, and this finding is similar to previous reports regarding the causes of CKD (stages III to V). 7, 8 The second leading cause of CKD was HPT (24.2%), and the occurrence rate of HPT was higher than that reported in Sri Lanka. 7, 8 This finding
demonstrates that there is a need to improve the management of hypertension, since this is a major contributor not only to renal disease and its progression towards ESRD but also to cardiovascular morbidity and mortality. 22 The percentage of GN in our study was less than the previously reported 9.9% to 12%. 7, 8 This may have been because infectious diseases are more prevalent in countries of low economic level, given their poor sanitation, insufficient supply of safe water and greater concentrations of disease-transmitting vectors. 23 The prevalence of kidney disease due to nephrotoxic drugs was 2.1%, which reflects the need for awareness and proper knowledge in relation to excessive use of these agents. The cause of CKD was unknown in 9.4% of the patients, which was comparable to the findings of a recent report. 8 However, this rate was considerably less than that reported by Gooneratne et al. 7 and Athuraliya et al. 24 The decline in the prevalence of unknown causes may have been due to better diagnostic work-up, thus resulting in a greater number of patients diagnosed with an exact cause for their disease, such as glomerular diseases, heredofamilial causes and toxic nephropathy.
DN and HPT were the leading contributors towards CKD in the older age category (47.0% and 27.9%, respectively). The differences in the frequencies of CKD due to DN and HPT between the younger and older age groups were statistically significant, and this finding was comparable to the results from another study conducted in an Asian country. 8 Gender-related differences in health habits or lifestyle may cause differences in the risk factors for developing DM and, consequently, may cause variations in DM prevalence between men and women. 25 Previous studies have also shown that the prevalence of DM is higher in the female than in the male population. 26, 27 This might be the reason why the prevalence of CKD due to DN was significantly higher among females than among males in the current study. The frequency of GN was considerably higher in the younger than in the older age category (P < 0.001), which was similar to the findings of Wijewickrama et al. 8 Although we achieved the desired objectives of our study, it had some limitations. Firstly, this study was conducted in a single tertiary referral hospital in the northeast of the Malaysian peninsula and only 2.2% of the patients were from outside the northeastern region. Therefore, our results may not give a clear picture of attributable causes of CKD throughout Malaysia. Secondly, due to the predominance of the Malay ethnic group, the findings of this study cannot be generalized to the overall Malaysian population. Thirdly, due to the retrospective nature of this study, some data were not fully available: for example, income status, health-seeking behavioral patterns, distance to the healthcare facility and ability to afford transportation. However, this may not have significantly influenced the results. Lastly, we did not use a probability sampling method, e.g. random sampling, and therefore we had disadvantages such as selection bias and non-generalizability.
This study recommends that emphasis is required at two levels: firstly, identification of individuals at risk of CKD development or presenting early CKD, as soon as possible; and secondly, early referral of CKD patients to nephrology centers by primary care physicians. This second approach has already demonstrated improvements in treatment outcomes, and it results in earlier preparation of the start of dialysis. 28 Moreover, education programs and seminars need to be conducted in order to increase awareness among CKD patients regarding dietary habits, nephrotoxic agents, smoking cessation and choice of types of renal replacement therapy etc.
CONCLUSION
The data suggest that DN and HPT are the major attributable causes of Chronic Kidney Disease among patients at a tertiary referral hospital in the northeast of the Malaysian peninsula. Although the results cannot be easily generalized to the general population, the study draws attention to the possibility that greater emphasis on primary prevention of diabetes and hypertension will have a large impact on reduction of hospital admissions due to CKD in Malaysia.
